A cas e-referent study of 345 prostate cancer cases and 1,346 referents was carried out in the Netherlands to investigate the relationship between work environment and prostate cancer risk. Cases were selected from the Cancer Registry of the Comprehen sive Cancer Centre IKO. Referents (men diagnosed with benign prostate hyperplasia) were recruited with assistance of the pathology laboratories in the IKO region. Questionnaires were mailed to all subjects to obtain information on their work history and occupational exposure. Moreover, workers in farming (n = 323), and in metal work and maintenance (n = 340), were requested to complete short supplements to the questionnaire inquiring in more detail into specific types of exposure. Significantly elevated risks were found for work in food m anufacturing and for bookkeepers. Significantly elevated odds ratios (OR) were also observed for jobs held between 1960 and 1970 in administration, in storage, or as farm laborer. In addition, a statistically significant excess risk was found for subjects who re ported frequent occupational exposure to cadmium. Cases who worked in farming applied pesticides during significant more days per year than the referents did. A nonsignificantly elevated OR was found for maintenance of tractors and agricultural machinery. Among metal workers, mechanics, and repairmen, nonsignificantly increased ORs were observed with regard to the use of acids, solvents, iron, and steel, and for welding and maintenance of machinery.
Introduction
Prostate cancer is a very common malignancy in most Western countries. In the Netherlands, the in cidence and mortality rates from this tumor are only exceeded by those of lung cancer: 3% of total mortal ity among men and 10% of male mortality from can cer was caused by this type of cancer [1] . Since 1950 the crude mortality figure for prostate cancer among Dutch men increased 3.4-fold, while the age-adjusted mortality rate rose 1.5-fold [1] .
Current knowledge of the etiology of prostate can cer is still limited. This applies especially to risks as sociated with occupational exposures. A pilot study conducted in 1989 and a review of literature led us to the conclusion that farmers, metal workers, repair men, and mechanics may have a slightly higher risk for prostate cancer [2] . It is unclear, however, what the actual risk factors for these occupations are. Therefore, a larger case-referent study was started on the relation between prostate cancer, on the one hand, and occupation (job title and industrial branch) and particular occupational exposures, on the other. In total 345 cases and 1,346 referents (patients with benign prostate hyperplasia) returned a self-administered questionnaire on work history. To obtain more insight into the actual risk factors in farming, metal work, and maintenance, workers in these branches were also requested to complete short, spe cific supplements to the questionnaire inquiring in more detail into particular types of exposure. The main results of this study are summarized and dis cussed in this paper.
In our study, cases are defined as men in whom histologically confirmed prostate cancer was diag nosed between January 1, 1988 and April 1, 1990 . For this study 469 cases who met the criteria were se lected from the Cancer Registry of the regional Com prehensive Cancer Centre IKO. IKO covers a region in which 1.25 million people live in 64 mainly small municipalities in the mid-eastern part of the Nether lands. The referents are patients who were treated in the same period for prostate hyperplasia in one of the 17 hospitals in the IKO region, and who exhibited no signs of malignancy upon histological examination. These referents (1,872 in all) were selected from the National Computerized Archive of Pathology Reports (PALGA) with assistance from the six pathology lab oratories in the IKO region.
Questionnaires were mailed to both cases and ref erents to collect information on work history and oc cupational exposures and on potential confounding factors such as age, smoking, and drinking habits and socioeconomic status (SES). The questionnaire used was a slightly modified version of a validated ques tionnaire on occupational history, developed recently by an EC study group [3, 4] . For farmers, metal work ers, repairmen, and mechanics, several specific ques tions were added, inquiring in more detail into par ticular types of exposure. All data were coded without knowledge of the subjects' case-referent sta tus. Odds ratios (OR) with 95% confidence intervals (95% Cl) were calculated by means of cross tabulation and logistic regression modelling. Bearing in mind a latency period of 20-30 years [5] , we calculated ORs for the branches of industry and the occupations in which the respondents were employed between 1960 and 1970. ORs were also estimated for the occupa tions and the branches of industry in which the re spondents had spent the major part of their working lives.
Results

General Aspects
Although all subjects had been affirmed by their attendant urologists to be alive and eligible to parti cipate in the study, 45 cases and 103 referents died before the study began. Twelve cases and 39 referents could not be traced owing to change of address. Of the remaining 2,142 subjects, a total of 1,691 (79%) returned a completed questionnaire; of the originally eligible subjects, 72% participated. The response rate was roughly the same among cases and referents, and it was high in all age groups, even in the group over age 80. The mean age of the cases was 72 years (SD 7.0), and of the referents, 69 (SD 8.1). Ages ranged between 45 and 91 years. Almost all cases (95%) and referents (90%) were current or ex-smok ers, and most of them were in the habit of consuming alcoholic drinks (94% and 92%, respectively) [6] . No clear relationship was found between socioeconomic status and prostate cancer risk, nor between urban ization grade (based on current addresses of the sub jects) and the occurrence of prostate cancer [7] ,
Occupational History
Both groups started working when they were 16 years of age on average (SD 4.0). The cases stopped at the mean age of 62 years (SD 5.7), while the referents stopped at 60 years of age on average (SD 6.3). At the time of the study only 9% of the cases and 14% of the referents were still active at work. The mean number of jobs held by cases and referents was three (SD 1.4).
In Table I Tables IV  and V . Small differences were found in the average sizes of fields and pastures farmed by either cases or ref erents; the mean numbers of cows, pigs, or chickens held; and the mean numbers of days per year on which cases and referents used fertilizers. Cases had a smaller stock of cattle and a larger area of fields, but the differences were statistically nonsignificant. Cases applied pesticides during significantly more days per year on average than the referents (Table  IV) . No statistically significant association was found between the occurrence of prostate cancer and sev eral potentially risky activities in farming inquired about (Table V) . An elevated (but statistically nonsig nificant) OR was found for maintenance of tractors and other machinery. The results of analyses for the subjects who worked in farming during their longest held job (data not shown) did not differ much from the results presented in Tables IV and V, 
M etal, Mechanical, and Repair W ork
In a second specific supplement, several questions were put to men who had been employed as metal workers, or as mechanics or repairmen. This supple ment was completed by 67 cases and 263 referents. The mean age for the cases was 70 years (SD 6.3) and for the referents 67 years (SD 8.0). The smoking and drinking habits of the cases and referents in this sub group were comparable with those found for the study group as a whole. Again, further analyses were conducted for those employed in the occupations in volved during [1960] [1961] [1962] [1963] [1964] [1965] [1966] [1967] [1968] [1969] [1970] . The results are noted in Table VI . Elevated, but statistically nonsignificant, ORs were found for use of acids, solvents, iron, and steel; for welding; and for maintenance of machinery. The ORs calculated for the exposures experienced by subjects who did metal or maintenance work during their longest held job (data not shown) were almost the same as those presented in Table VI .
Discussion
Some potential limitations of this study should be realized before interpreting the study results. The questionnaire chosen to collect data on work history and on past exposures is a modified version of a val idated list on occupational history [3] . A substantial improvement in the accuracy of work-history report ing was observed after some minor adaptations of the questionnaire were made [4] , and it was found to be feasible for use to ascertain the work histories of men older than 70 years of age [8] . Furthermore, the con sistency of self-reported data on occupational expo sure to particular compounds obtained from this questionnaire appeared to be satisfactory [9] . Obvi ously, there might be some bias in the data ascer tained, but there is little reason to assume that cases and referents systematically responded in different ways.
The possibility of inviting all subjects to participate in a study on the etiology of illness of the prostate, and the recent experiences of both cases and referents with urological treatment, should largely reduce dif ferential recall. The choice of a reference group se lected from amongst men exhibiting benign prostate hyperplasia had other advantages. The fact that both prostate cancer and hyperplasia patients were re ferred to urology services on account of similar symp toms and complaints reduced selection bias. Histo logical confirmation of the diagnosis of all subjects precluded misclassification of disease. A practical ad vantage of the choice of referents who were treated in the same services as the cases was that only a small group of physicians had to be requested to partici pate. All urologists who were invited to collaborate agreed to do so. Recruitment of a reference series of prostate hyperplasia patients would, unintentionally, introduce a bias toward an underestimation of risk, should the origins and development of hyperplasia and cancer of the prostate be closely related. How ever, most morphological and epidemiological data indicate that the diseases involved are distinct enti ties, developing independently from one another in anatomically and embryologically different parts of the prostate [10] [11] [12] , There are no indications that the occurrence of prostate hyperplasia is associated with particular oc cupations or industrial branches. However, very little is known about the risk factors for benign hyperplasia so far [12, 13] .
In this study statistically significant associations of prostate cancer were observed with reference to work in the manufacturing of food and in storage. An in creased occurrence of prostate cancer among food workers was also reported in some previous studies [14] [15] [16] [17] but not in others [18] [19] [20] [21] . In our study nonsignificantly elevated risks were found among bakers and butchers, especially for jobs held between 1960 and 1970. Hall and Rosenman observed a significant risk excess among bakers [17] . James reported an in creased mortality from prostate cancer among meat workers [22] . In other studies, however, no excess risk was found for these occupations [19, 21, 23, 24] . In one earlier study a significantly elevated risk for stock clerks and storekeepers was found [25] . In other stud ies, however, no association with storage work has been observed [15, 16, 26] , while Adelstein [18] even reported a negative association with storage. In our study also an increased OR was found for employment as bookkeeper, cashier, insurance, or fi nance worker. A borderline significant association was found with work in administration during the years 1960 and 1970. Ernster et al. observed a non significant elevated risk among bookkeepers [15] . How and Lindsay reported a significant excess risk among sales clerks [23] . No association between pros tate cancer risk and bookkeeping was found by Williams et al. [14] , Blair et al. [27] , nor by Minder and Beer-Porizek [21] . However, in the latter study a slight excess risk was found for the broader category of commercial and administrative employees [21] . Such an association has not been found in other stud ies [14, 19, 23, 28] . Adelstein [18] observed a slightly increased risk among administrators and managers, but not among clerical workers. It is unlikely that workers in book keeping, finance, and insurance are exposed to occu pational carcinogens, but higher than average expo sure to life-style related risk factors (e.g., particular dietary habits) might be possible. Lack of occupa tional physical exertion might be a potential risk fac tor for prostate cancer, but study results concerning this factor have been conflicting so far [28, 29] . In our study no other categories of "white collar" workers have been found with an increased risk for prostate cancer.
An elevated OR was found in this study for farm laborers, but not for farm owners or for agriculture in general. Most studies involving farming and prostate cancer have noted an elevated risk [2, 30] , Although several potential risk factors have been mentioned, it is still uncertain what the harmful factors are in farm ing. An increased OR was found for the numbers of days/year cases and referents used pesticides, but not for the proportions of cases and referent who applied these compounds. An association with pesticide ex posure was revealed in some previous studies among agricultural workers too [28, 30, 31] . However, in other studies among farmers [32, 33] and among workers licensed to apply pesticides [34, 35] , no asso ciation was found. It may be relevant to mention that application of pesticides could be supplemented by exposure to solvents and other chemicals as well [36] .
Use of fertilizers has been suggested to be another potential risk factor in farming. Rotkin [37] indeed observed a significant relation to fertilizer use, but no clear association was found in the present study, nor in some other studies [30, [32] [33] [34] . Associations have been observed with cattle and sheep [34, 38] , with poultry [31, 34, 39] , or with livestock production in general [40] , No association, however, was detected in our study or in some others [30, 33] . Brownson et al. [40] reported an excess risk in agricultural crop production, but no association was found in our study, nor in others [30, 34] . The association found with the maintenance of tractors and agricultural ma chinery corresponds to the finding that most studies of prostate cancer occurrence among mechanics and repairmen show a slight excess of incidence or mor-' tality [2] .
In contrast with our pilot study and several other studies [2] , this study demonstrated no clear excess prostate cancer incidence among metal workers. A nonsignificantly elevated OR was found for welders. For none of the specific occupational activities and exposures mentioned in the supplement for metal workers, mechanics, and repairmen was a statisti cally significant association found. However, the ORs for use of acids, solvents, iron, and steel; for welding; and for maintenance of machinery ranged between 1.5 and 2.4. The literature on potential risk factors in metal work and maintenance has been discussed in more detail in our previous paper [2] , Most of the ORs estimated for self-reported expo sure to particular types of occupational exposure specified in the general part of the questionnaire are dose to unity. The strongest associations observed involve frequent exposure to ionizing radiation and to cadmium. Only the latter association is statistically significant. This OR, however, is based on only seven cases. Occupational exposure to both ionizing radia tion and to cadmium have been suggested to be re lated to prostate cancer risk [11, 20, 41] .
CONCLUSIONS
It has to be stressed that it cannot be concluded definitely from this study that prostate cancer is not related to specific occupations or specific occupa tional exposures. Some limitations of the study men tioned earlier might have resulted in an underestima tion of effect. In addition, it has to be considered that the study was conducted in a particular region of the Netherlands. Potential risks in industries not being represented in the IKO region (e.g., mining, blast furnace plants, aluminum processing, aircraft manu facturing) could not be identified in the present study.
In view of these limitations, further research on the relationship between work environment and prostate cancer might be desirable to reach a deeper insight into the origins of the disease, although our study results do not indicate particular occupational activities to be strong risk factors.
